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INTRODUCTION
This paper deals with the non-destructive documentation of the "Radkov" (Svitavy district, Czech Republic) archaeological site. Airborne laser scanning (ALS), georadar (GPR) and land survey mapping will be used for the analysis. The fortified hilltop settlement "Radkov" is an immovable historical monument with preserved relics of anthropogenic origin in relief. Terrain reconnaissance can identify several accentuated objects on site. M. Cejpová and J. Němcová have studied this site over a long period of time (Bolina et al., 2008; Cejpová, 2002; Cejpová and Němcová, 2007) . In 2012 Radkov was surveyed using ALS in the NAKI (Applied Research and Development of National and Cultural Identity Programme) project "The Research of Ancient Road in Southwest Moravia and East Bohemia" (Martínek, 2014; Martínek et al., 2013) . Since 2015 the authors have been examining this site. This paper summarises the existing results of the work of these authors. In the next chapter the planned works of authors are summarized and explained at the site. The third chapter describes the processing of datasets in ArcGIS. The digital elevation model in the form of a grid (GDEM) with a resolution 1 x 1 m of 2012 was the basis for this work. In 2015 the survey net, terrain reconnaissance and GPR survey of two archaeological objects were done at the site. GDEM was compared with these datasets. All datasets were processed into the geodatabase and the plan of the site at a map scale 1 : 500 in ArcGIS. 
BENEFITS OF ARCHEOLOGICAL PROSPECTION
This chapter describes the benefits which the combination of ALS, GPR survey and land survey mapping will be able to provide for archaeologists at the site Radkov.
Site description
Radkov is located on the promontory. It has two parts, which are separated by ramparts and moats from the promontory. The eastern part, i.e. the greater part of the site, is fortified with the stone masonry wall on the probable access side. It is the only surviving masonry visible at the site. The eastern part of the site is further protected by two other ramparts and moats on the sides. The terrain slowly descends here from north to south. A lot of square to oval depressions are located at the periphery. Some have indications of the entrances of objects which define an area of "the square". The western part of the site is triangular and plain with only a few modern disruptions. It is protected by a moat on the south-eastern and eastern side, and by rocky outcrops on the north-western side. The western side was damaged by a quarry. The existing interpretations of the terrain relicts are based only on the surface prospection of the site. Written sources are not available. The subsurface archaeological research has not been undertaken at the site to date. Although rescue archaeological research was undertaken there in 2006, but it was limited to documenting a recessed object which was damaged by an unknown perpetrator. The over-ground part of the damaged object was made of stone and is likely to have been destroyed by fire (Cejpová and Němcová, 2007) .
Survey documentation
Detailed terrain mapping, which displays the uneven terrain better than the terrain reconnaissance, enables better interpretation: distinction between nature -geology -humans. The detailed survey of archaeological objects may influence the related dating of the site. In this case, it is the orientation of the objects, the entrances of objects, the number of rooms etc. In the existing literature Radkov is regarded as one of the typical large so-called colonization temporaries from the time of Boreš of Riesenburk, see Dlouhá Loučka, Třebovské hradisko, Hradisko u Radkova, which disappeared soon after due to historical circumstances, and thus have been preserved only in an embryonic form (Plaček, 1993) . Movable findings discovered during surface surveys of Radkov come from the 13th to 15th century and the early modern period, i.e. the 16th century. These movable findings indicate a longer lifetime of the site. It is possible that the preserved recessed objects are not so-called colonizing temporaries but the basements of over-ground houses which were smaller than the over-ground parts of the building (Holub et al., 2005 . The subject of interest is, therefore, the terrain following the recessed objects, as it may document the street line etc. The plan of the site is necessary for the admeasurement of boundaries of parcels etc. Survey documentation connected to the coordinate reference system may enable the setting-out of the area for archaeological researches and the continuity of all archaeological research in the future.
Comparison and evaluation of ALS details for terrain mapping
The problem of this site is the absence of masonry relics in the terrain relics. Thus the surveyor has to extrapolate the terrain edges during the measurement process. Vegetation, e.g. blackberries, which overlaps minor terrain changes, makes the identifying of terrain edges in the forest more difficult (see Figure 4) . ALS should eliminate the subjective approach during the land survey mapping. The authors would, therefore, like to compare the digital elevation model of the ALS dataset and dataset from the land survey mapping using total station. The digital elevation model can be made from ALS dataset from the Czech Office for Surveying, Mapping and Cadastre (ČÚZK), from the NAKI project or from the dataset which was made by autonomous mapping airship (Koska, 2013) , i.e. Remotely Piloted Aircraft System (RPAS). The authors would, therefore, like to find out for which field situation is the data set most appropriate. The authors assume that the ALS using the aircraft will be sufficient for the ramparts and moats, and the ALS using the airship will be sufficient for specific objects. The land survey mapping using a total station enables the documentation of the terrain edges of objects, and ramparts and their schematic rendering by system of cuts. For the remains of house objects the shape of a star which comes out at the deepest point of an object or a series with a distance around 0.5 m can be selected. This land survey mapping will probably be very time consuming and laborious in the field. Therefore we are interested in comparing the results of ALS using the airship with ALS measurements using the cuts, comparing the differences in the quality and whether the difference is proportional to the cost and the processing time.
The
DATASETS PROCESSING IN GIS
This chapter describes the procedure for processing preprocessed datasets in ArcGIS step-by-step. The results are a geodatabase from analysed datasets and a plan of the site.
Datasets
In this step available dataset were gathered. In 2002 the plan of the site which was surveyed at local coordinate system was made (see Figure 2 ). Its author is M. Cejpová (Cejpová, 2002) . In 2015 the GPR survey which was connected to the geodetic reference systems -S-JTSK and Bpv was realized at the site (see Figure 5 ). Its authors are Z. Poloprutský, M. Cejpová, J. Němcová and J. Hejduková. 
Editing of GDEM
In this step the geodetic reference system of GDEM, i.e. S-JTSK East-North (EPSG: 5514), was specified. GDEM was cropped to display the site of interest and was exported to the Shapefile -Point Features. Contour lines were interpolated at intervals 1 m and 5 m from GDEM.
Elevation analysis
In this step the elevations in the GDEM were compared with the elevations in the survey net. The time difference between the datasets is three years (see Table 6 ). Locations which have been farmed and field edges have a height difference of more than |0.100 m|. These height differences did not affect the accuracy of the final results. Table 6 . Comparison of the elevations in survey net with the elevations in GDEM
LMR -Local Relief Model
In this step the LMR was made. The LRM represents local, small-scale elevation differences after removing the large-scale landscape forms from the data (Faltýnová et al., 2014; Hesse, 2010) .
LRM has been created as the difference between the original GDEM and low-pass filtered GDEM. Different levels of lowpass filtering were tested (see Figure 7 ). In the Figure 7 it is evident that the terrain relics of the archaeological objects were most pronounced for the lowpass filtering for 9x9 m. The low-pass filtering 7x7 m exhibits noise in the LRM. Low-pass filterings 11x11 m and 15x15 m exhibit merging of the archaeological objects in the LRM. GDEM was exported to the Shapefile -Point Features. Contours were interpolated at the value of 0 m and of negative interval -10 cm.
Spatial analyses
In this step the spatial analyses of the datasets which were based on LRM were made. The point interpretations of the terrain relics of the archaeological objects, i.e. objects and earthworks, were obtained by the combination of spatial and attribute queries (see Figure 8) . 
Vectorization
In this step the manual selection of the point interpretations of the terrain relics of the archaeological objects and its vectorization to closed polygons were made (see Figure 9 ). Figure 9 . Radkov -vectorised terrain relics of the archaeological objects
Geometry calculations
In this step the geometric parameters of polygons were calculated, i.e. position coordinates of centroid, area and perimeter. Figure 10 . Radkov -georeferenced raster and polygons of the archaeological objects
Georeferencing of the base map
In this step, the dataset of 2004 was georeferenced (see Figure 10 ). The affine transformation was used. The centroids of polygons of the archaeological objects were used as identical points. The georeferenced raster was visually inspected by the terrain edges in GDEM. Achieved RMS error is 1.48 m. Figure 11 . The plan of the fortified hilltop settlement "Radkov"
Visualisation of the results
In this step, the datasets were processed into a comprehensive geodatabase, which was visualized in the form of the plan of the site at the map scale 1 : 500 (Poloprutský, 2016) .
CONCLUSIONS
This paper dealt with the use of combination of ALS, GPR survey and land survey mapping for non-destructive documentation of the archaeological site "Radkov" (Svitavy district, Czech Republic). The final processing of datasets was implemented in a geographic information system ArcGIS. Datasets for this work were GDEM with a resolution 1x1 m from 2012, survey net at the site of interest from 2015 and geo-radar (GPR) survey of two selected archaeological objects. By processing datasets in the GIS, it was found that: 1. The heights of the GDEM and the heights of the survey net match. Achieved deviations were for the purpose of this work negligible. 2. LRM captures the shape, dimensions and layout of terrain relics of anthropogenic origin in the area of interest. These are consistent with the plan of the site from 2004 and the terrain reconnaissance from 2015.
3. The plan of the site from 2004 can be georeferenced into a geodetic reference system S-JTSK East-North (EPSG: 5514). 4. GPR survey has helped identify areas at which archaeological research could be carried out in the future. 5. It was possible to visualize all the available datasets of the site at the map scale 1 : 500.
In the case of follow-up archaeological research in the fortified hilltop settlement "Radkov" the results of this study provide support for a proposed deployment of archaeological probes and their setting-out at the site of interest.
